The effect of training on pain threshold and pain tolerance level by Mihevic, Patricia Mildred
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1974 
The effect of training on pain threshold and pain tolerance level 
Patricia Mildred Mihevic 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Mihevic, Patricia Mildred, "The effect of training on pain threshold and pain tolerance level" (1974). 
Graduate Student Theses, Dissertations, & Professional Papers. 6348. 
https://scholarworks.umt.edu/etd/6348 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
THE EFFECT OF TBAUWQ 
ON PAIN THRESHOLD AND PAIN TOLERANCE LEVEL
By
Patricia Mildred Mihevic 
BoS* in Ed,, Northern Illinois University, 1973 
Presented in partial fulfillment of the requirements for the degree of
Master of Science 
UNIVERSITY OF MONTANA
1974
Approved by:
hctirman. Board of Examiners
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CHA.PTER I 
INTRODUCTION
Athletic competition is frequently accompanied by 
additional stress factors in the form of pain® How well one 
performs may ultimately be determined by one's ability to 
tolerate or adapt to pain, therefore, raising pain threshold and 
pain tolerance could have a significant effect on athletic 
performance®
Throughout the history of the scientific investigation of 
pain, researchers have been unable to agree on a definition of the 
term® This can be attributed to the many dimensions of the concept 
of pain® Sternbach (69) defined pain as an abstract concept vaLth 
three aspects: (a) a personal, private sensation of hurt; (b) a 
harmful stimulus idiich signals current or impending tissue damage; 
and (c) a pattei*n of responses which operate to protect the 
organism from harm#
Pain has been considered to have two components: the 
original sensation and the reaction component (9)# The pain experience 
involves the interaction of both psychological and physiological 
variables® Pain may, therefore, be considered in reference 
to a pattern of unconditional, reflexive responses which 
may be described in neurological, physiological, and affective 
terms® Experimentally, pain has been induced by the use of thermal,
1
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electrical, chemical, and mechanical techniques»
Physiological responses to pain are indefinite» Hilgard (34) 
contended that there was no physiological indicator which reliably 
varied in relation to the intensity of pain. Among those 
variables which have been utilized as indicators of pain are 
heart rate, blood pressure, respiration rate, muscle action 
potentials, finger jjulse measures, and galvanic skin response.
The majority of pain research has relied in part on the subject's 
verbal report of judged pain intensity» Hilgard (34) stated that:
»,«there is no physiological measure of pain which 
is either as discriminating of fine differences in 
stimulus conditions, as reliable upon repetition, or as 
lawfully related to changed conditions, as the subject's 
verbal report»
An individual's pain threshold is that stimulus intensity at which 
he first perceives the stimulus as painful. Pain threshold values 
have been reported by some researchers to be constant for all
individuals (3I, 6 0). Studies of athletes and non-athletes ($6, 57̂  77)
have reported no significant differences in threshold values between 
the two groups, Other investigators (9> 15  ̂81), however, have 
determined Tfd.de variations among individuals for pain threshold 
measurements. Variations in the pain threshold have been attributed 
to both attitudinal and physiological variables. Alterations in 
threshold values have been found to result from fatigue, analgesics,
placebos, suggestion, the passage of time, anxiety, and other
emotional factors (9).
Pain tolerance is the intensity or duration of a painful
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stiiirulus which an individual is able to endure to the point at 
which the pain becomes unbearable. Significant positive correlations 
have been found between pain tolerance and perceptual reduction (53), 
extraversion and non-neuroticism (U5), low anxiety levels (53, ^?), 
and sensory satiation ($2). large ranges of tolerance values have 
been reported among individuals and for the same individual under 
various conditions (9, 60)o
In studies involving male athletes, Ryan and Foster (56),
Ryan and Kovacic (57), and Scalise (59) determined that athletes 
have higher pain tolerance levels than non-athletes, Whether these 
results are attributable to more pain tolerant indivi.duals being attracted 
to athletic competition, psychological factors operating in the 
athletic experience, or training activities improving pain 
tolerance has not been determined. In a study of college women 
athletes and non-athletes. Walker (77) found athletes to be more 
pain tolerant than non-athletes and superior athletes to be more 
tolerant than average athletes. She also reported increasing pain 
levels to be associated with poorer performance of motor sld.lls,
Scalise (59) studied the effect of athletic training on 
pain threshold and pain tolerance levels using athletic 
participation as his method of conditioning. However, the effect 
of regular training alone on levels of pain threshold and pain 
tolerance has not been determined.
The relationship between pain threshold and pain tolerance is 
unclear. In a study using ultrasonically induced pain. Golfand (2 6)
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failed to establish a significant relationship between pain 
threshold and pain tolerance, Qn the other hand, Clark and 
Bindra (15), Chapman and Jones (14), and VJblff and Jarvik (82) 
determined highly significant relationships. Pain tolerance is 
generally reported to be more variable than pain threshold, but 
variation is attributed to factors similar to those producing 
differences in pain threshold among individuals.
Anxiety contributes to the reaction component of the pain 
response and is a major factor in the determination of pain 
behavior, Arociety is frequently referred to as an emotional state 
characterized by a vague, generalized feeling of fear (l3)« Pain 
responses are associated with the individual's capacity for and 
style of dealing with anxiety, A high anxiety level is associated 
with a large pain response and low pain tolerance (53* 6?)*
Pain is a stressor. According to Selye's (6l) stress theory, 
muscular exercise produces a cross-resistance effect to various 
other forms of stress. Since athletes have been found to be more 
pain tolerant than non-athletes, muscular exercise ma.y result in 
an increased resistance to pain.
The Problem
Statement of the Problem
The primary purpose of this study was to determine the effect 
of training on the pain threshold and pain tolerance levels of 
college women® An additional purpose was to investigate the effect 
of training on the responses of selected physiological variables
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
to increasing intensities of pain, A third purpose was to examine 
the relationship between anxiety level and pain response. The 
effect of training on anxiety level was also examined.
In accord with these purposes, the following null 
hypotheses were testedî
Hypothesis I— There will be no change in pain threshold level as a 
result of a five week training program.
Hypothesis II— There will be no change in pain tolerance level as a 
result of a five week training program.
Hypothesis III— Physiolosioal responses to pain will remain unchanged 
as a result of a five week training program.
Hypothesis- IV— There is no relationship between anxiety level and 
pain threshold level.
Hypothesis V— There is no relationship between anxiety level and 
pain tolerance level.
Hypothesis VI— Anxiety level will remain unchanged as a result of 
a five week training program.
Significance of the Problem
Pain has been shown to be associated wi_th below normal 
performance of motor skills. Because athletics demand an individual's 
best performance, elimination or reduction of factors which can 
detract from one's best performance is of considerable importance. 
Since athletes have been shown to be more pain tolerant than 
non-athletes, it seems pertinent to examine whether the effects of 
training relate to an increased resistance to pain. With the
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increasing opportunities for women to participate in athletics, 
the investigation of factors affecting the performance of women 
is becoming increasingly relevant*
Scone
Data from fourteen subjects were collected for this study*
Due to illness, two of the subjects were unable to complete the 
entire study. The pre-testing, post-testing, and training were 
conducted during a nine week period commencing January 9> 1974 
and ending Î̂ Îarch 13, 1974. Limited control of the subjects’ 
outside activities was maintained as indicated in Appendix G.
The subjects were considered non-athletes as determined by 
their not having participated in organized women’s intercollegiate 
athletics. Whether or not they had participated in organized 
interscholastic competition was not considered in this determination 
and may be viewed as a limitation of the study*
Definitions
1. Palp— The total pattern of psycho-physiological and verbal 
responses of an individual to a stimulus which produces or 
threatens to produce tissue damage,
2* Pain threshold— That stimulus intensity or duration which 
elicits the first perception of pain by the individual,
3* Pain tolerance— That stimulus intensity or duration which 
elicits the upper limit of pain the individual is willing 
or able to endure*
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4« Anxiety-—An emotional state characterized by a vague, 
generalized feeling of fear (13).
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CHAPTER II
REVIEW OF LITERATURE
Pain is an abstract concept which has defied the attempts
of researchers to determine a universally acceptable definition*
Merskey and Spear (49) stated the issue well by referring to pain
as "one of those words whose use we understand very well, but which
is difficult to define in a few words," A pain stimulus is one which
produces or threatens to produce tissue damage and elicits an
avoidance or withdrawal reaction from the organism (69)»
However̂  the association of pain and tissue damage is not
invariable. As Sternbach (69) indicated:
,,,a simple, tissue damaging definition of the pain 
stimulus, which implies an adaptational-protective 
survival model, is insufficient to eorplain all of the 
phenomena related to pain. That is, pain as a signaling 
system is only a partially effective concept, since the 
signal occurs when there is no damage (false alarms), 
and damage can occur when there is no signal,
Ihe essence of pain is its essential personal and individual
qualities which can be only imperfectly communicated, %e pain
experience refers to the tota3. set of responses which an
individual makes in reaction to a painful stimulus. Pain responses
may be described in affective, neurological, and physiological
terras,
Sternbach (69) cited three factors which determine the 
individual quality of the pain response: 1) structural differences 
among individuals, including nervous system differences, which
Ô
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produces varying degree of sensitivity; 2) differences in previous 
experience and attitudes toward pain which may result in 
differences in nervous system functioningj and 3) differences in 
perception of the pain situation which influences perceived pain 
and the expression of pain reactions.
A pain stimulus rarely occurs in the form of pure pain. It 
is almost invariably associated with other qualities which elicit 
sensations in addition to pain - touch, heat, pressure - and which 
modulate perception and the pure pain response. It is difficult to 
perceive the varying qualities separately or additively. The 
individual is aware of the total impact of the painful stimulus 
situation and responds in a holistic manner (69)0
Three distinguishing qualities of pain have been determined 
on the basis of the duration, intensity, and origin of the stimulus (83) 
The initial bright, pricking sensation develops into a burning 
sensation which is followed by a deeper, aching pain»
Bishop (12) differentiated the pain experience into three
stages:
1. That for the first sensation —  a nondescript threshold 
contact sense.
2* That for a sensation, but without emotional protest.
With increasing strength of stimulation this merges 
gradually into:
3o Pain, with emotional protest and other physiological 
evidence of an avoidance or protective reaction.
Beecher (9) contended that the pain response has two 
components: the original sensation and the psychic reaction or 
processing component* He presumed that the neurological events
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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occuring in the central nervous system which comprise the original 
sensation are virtually the same in all individuals for a given 
stimulus. The reaction component, however, varies with each 
individual* He differentiated between the two components by 
classifying;
the events including the eruption of the sensation 
into consciousness as primary, 'the original sensation,' 
and the succeeding events as secondary, as reaction, as 
processing. «..processing doubtless begins before 
awareness has been achieved.
Pain Media ni sms
No single system or series of events has been demonstrated 
as necessary and sufficient to produce pain either as a sensory 
experience or as a set of responses. Melzack and Scott (U7) contended 
that a necessary condition for the production of pain "is that at 
some time early in the individual's development, the nervous 
system subserving pain was intact and responses did occur."
Free nerve endir̂ s in the skin and other tissues serve as 
pain receptors. Pain was originally considered one of the four 
basic sensory modalities, cold, warmth, touch, and pain, each of 
which was served by nerve endings acting as receptors for one 
specific sensation. Later research indicated that the receptors 
serving the pain stimulus were undifferentiated from those 
serving other sensory modalities (31, Ô),
The pain signal is transmitted from free nerve endings via 
peripheral A-delta and C nerve fibers which enter the spinal cord
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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through the lateral branch of the dorsal root* Interneurcns in the 
spinal cord sorve as reflex connections and relays to the 
spinothalamic tract leading to the thalamus. The posterior 
nuclear region of the thalamus appears to play a basic role in the 
elaboration of a painful sensation, although the nature of the 
role is obscure* From the thalamus, nerve fibers transmit the pain 
signal further to the sensors'" areas of the cerebral cortex* Both 
the thalamus and the cerebral cortex have been shot-jn to be involved 
in the conscious perception of pain (29, 7U)*
Pain Theories
Various theories have been proposed to explain the 
multi-dimensional aspects of the pain experience* ĥese may be 
classified into three dominant theories: specificity theory, 
pat"berning theory, and gate-control theory*
Specificity Theory
Much of the early pain research proposed that pain was a 
specific sensoiy modality with pain-specific peripheral and cortical 
apparatus*. The specificity theory proposes specific pain receptora 
and pain fibers which synapse, in the spinal cord with ascending 
nervous tracts projecting to specific pain centers* Nervous 
transmission along this pathway is responsible for the sensation of 
and response to pain (U8, 0̂)*
Kecent research tends to discredit the specificity theory* 
Melzack and Wall (U8) summarize the status, of the specificity 
theory well:
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There is convincing physiological evidence that 
specialization exists within the somesthetic system, but 
none to show tliat stimulation of one type of receptor, 
fiber or spinal pathway elicits sensations only in a 
single psychological modalityo
Patterning Theory
Weddell (79) proposed that the essential quality
determining pain is produced by spatio-temporal patterns of
nerve impulses over general somesthetic transmission routes
rather tlian modality-specific pathways.
That is, the activation of a series of terminals 
having different ranges of specificity rather than the 
activation of a series of identical units sensitive to 
one kind of stimulus and all having the same central 
connectionso
All of the fiber endings are similar; therefore, the pattern 
for pain is produced by intense stimulation of nonspecific receptors. 
Any stimulus can induce pain if it is of sufficient intensity. No 
specific pain center in the brain is distinguished.
Gate-Control Theory
The gate-control theory postulated by Melzack and Wall (U8) 
attempts to integrate essential aspects of the specificity and 
patterning theories with recent research on central nervous 
system mechanisms. According to this theory, small, densely 
packed cells of the substantia gelatinosa in the dorsal horn of 
the spinal cord act as a gate-control system and modulate incoming 
signals from the periphery before they can affect the first central 
transmission (T) cells in the dorsal horn. Activity in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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substantia gelatinosa cells modifies the membrane potential of the; 
synaptic terminals for afferent fibers, influencing the excitatory 
effect of the afferent signals*
Melzack and Wall (48) proposed the existence of a central 
control trigger mechanism responsible for activating selective 
brain processes which exert control over sensory input* The central 
control mechanism influences the gate-control system in its 
modulating functions. The effects of prior experience and 
attention may exert an influence on the gate-control system through 
the central control trigger mechanism*
Clinical And Experimental Pain
The question of whether experimental pain is comparable to 
clinical pain has been the source of considerable debate,
Beecher (?) contended that experimental pain cannot be compared to 
clinical pain* In a series of studies (8), he found that morphine 
could not be dependably used to relieve experimental pain,
Beecher (?) attributed the difference between experimental 
and pathological pain responses to the absence of anxiety in the 
experimental pain situation. He found that the use of the 
submaximal tourniquet technique induces experimental pain most 
closely resembling clinical pain due to the sustained duration of 
the pain experience as opposed to the relatively fleeting experience 
of pain induced by other methods. He contended that the reaction 
component dominates the pathological pain experience and the original
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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sensation is most important in experimental pain. He concluded that 
the production of anxiety in the experimental situation is 
necessary for comparison with clinical pain.
Sternbach (6 9) agreed with Beecher that the level of anxiety 
differs in the two situations, but he further pointed out that 
anxiety is irrelevant to an explanation unless there is an 
independent measure of the trait and a demonstrated relationship 
to the responses. He contended that the investigator must evaluate 
more than one class of pain response. He concluded that there is 
good evidence that all classes of pain responses can be replicated 
in the experimental situation.
Experimentally, pain has been induced by the use of various 
techniques, generally classified as thermal, electrical, chemical, 
and mechanical.
Thermal Techniques
Hilgard (34) reported significant results using the cold 
pressor test in which a body part is immersed in circulating 
cold water. Cold pressor results have been found to correlate 
significantly with both water temperature and duration of the 
test. Other researchers (9> 58, 6 9) also reported significant 
results using this method.
The use of heat to induce pain most frequently involves the 
use of the dolorimeter developed by Hardy, Wolff, and Goodell (3 1)* 
This method consists of the focusing of a projection lamp by a 
projector system condensing lens through a fixed apperture directed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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to a small area on the subject's skin. The dolorimeter- relies on the: 
quantitative study of the temperature sense of the subject.
Electrical Techniques
Pain induced by electrical stimuli has frequently been 
found unsatisfactory in producing replicable results, Beecher (?), 
in his review of methods used to induce experimental pain, cited 
the lack of standardization of the area of stimulation and the 
difficulty of determining a controllable stimulus in terms of energy 
as the major problems relating to electrical pain stimuli,
Clark and Bindra (15) found highly significant, correlations 
(r=0,92) between electrical stimulation in terms of amperage, 
voltage, and wattage measures applied to the subjects' radial and 
ulnar forearm surfaces. They reported that electrical pain thresholds 
were more variable than thermal and mechanical pain thresholds; 
thermal pain thresholds were least variable.
Chemical Techniques
The use of chemical induction of pain has been limited in 
experimental pain studies, Wolff and Jarvik (81, 82) compared pain 
induced chemically by injection of saline, solution into muscle with 
pain induced by cold pressor and radiant heat methods. The chemical 
pain produced the most highly significant retest reliability (p^.001 ),
Mechanical Techniques
Mechanical stimuli, include application of gross pressure and 
the induction of pain via muscle ischemia by the application of a
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pneumatic pressure cuff which functions as a tourniquet. Beecher (9), 
in his review: of pain research, cited several studies in which pain 
was induced by application of pressure to the skin over a bone. In 
a study of pain tolerance among athletes, Ryan and Kovacic; (57) 
used a plastic, aluminumr-tipped football cleat secured to a plate 
and applied to the anterior tibia of the subject by the inflation of 
a sphygmomanometer cuff.
The submaximal tourniquet technique consists of the application 
of a sphygmomanometer cuff above the elbow or knee and inflated to 
200-300 ram, Hg (33, 34). 4 standard number of contractions involving; 
the. muscles: distal to the cuff are completed after which the subject 
sits quietly and focuses on his pain. Pain increases progressively 
after the cessation of exercise. Pain is measured as a function of 
time (lO). Ryan and Kovacic (57) measured pain in terms of the total 
number of contractions the subject was able to perform. The subject 
flexed his fingers to form a fist and then extended his fingers at 
the rate of one per second, Harpuder and Stein (33) and Rodbard (54) 
reported high consistency using this method.
Thermal and electrical stimuli generally induce cutaneous 
pain while mechanical and chemical methods most frequently elicit 
visceral or deep pain, although some overlap does occur. It has been 
suggested (50, 69) that deep pain may be subjectively different 
from cutaneous pain. There appears to be less sensitivity for 
visceral sensations and less precision in locating the source of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Î7
the sensation. This is attributed to the less profuse distribution 
of nejTve fibers among the deeper tissues.
Pain And Circulation
Occlusion of the blood supply to an actively exercising 
limb has been shown to produce muscular pain which is usually 
severe and aching in character and increases rapidly until it- 
becomes unbearable and prevents furthur effort (33, 34),
Harpuder- and Stein (33) used a sphygmomanometer cuff 
inflated to 200 mm, Hg to occlude the arterial blood supply to the 
exercising arm. They reported the number of contractions performed 
at the rate; of forty per minute to range between 38 and 65 before 
the pain became intolerable, Lewis et al. (42) in a similar study- 
reported a range of 24-45 contractions for threshold levels and 
60-80 contractions at tolerance levels. They reported:
The pain as indicated is continuous and persistent, 
it does not come and go as the muscle contracts and 
relaxes; therefore, it is not due to the imposition of 
tension on nerve endings; the pain persists during 
circulatory arrest substantially unchanged.,.whether 
slight, moderate or severe,
%iscle contraction results in the production of catabolites 
within the muscle fibers. The catabolites diffuse across the fiber 
membranes into the extracellular- tissue fluid which bathes the pain 
receptors. When the catabolite concentration is less than one-half 
of that necessary to produce intolerable pain, there is no pain 
sensation. However, as the concentration increases as a result-
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of a greater rate of production than rate of removal by the blood, 
pain receptors are stimulated and impulses are transmitted to the 
cerebral cortex as pain or fatique (55)a
According to Rodbard and Ptagay (55), a catabolite 
concentration approximately twice that necessary to induce threshold 
pain produces intolerable pain. In the absence of blood flow, 
extracellular catabolite concentration is a function of:
1) concentration within the muscle cellj 2) the diffusion constant 
through the muscle cell membrane; 3 ) the membrane surface area; and 
4) the time available for diffusion. Since factors two and three 
remain constant, extracellular concentrations are determined by 
intracellular catabolite; concentration and diffusion time. They 
reported that "the pain sensation is eliminated almost instantaneously 
with the onset of blood flow, presumably because the catabolite has 
been metabolized, washed away or otherwise eliminated from the 
tissue fluids."
Qn the basis of their observations, lewis et al (42) concluded:
...the pain under consideration is determined by a 
chemical (or physio—chemical) stimulus developed in the 
muscle during its exercise.«.the stimulus actually responsible 
for pain arises directly or indirectly out of the contraction 
process.
Lewis et al. (4 2) designated these chemical metabolites as 
the * pain factor' or ' P factor. * k̂iscular activity during ischemia 
results in the production of P factor to the level of pain production.
Rodbard (54) found that contraction frequency was directly 
related to the number of contractions performed before the exercise
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
19
was halted by the development of pain» As the duration of the muscle 
relaxation phase was prolonged, the capacity to perform contractions 
was increased* Long relaxation periods between successive 
contractions provide adequate time for the blood to remove 
catabolites from the muscle cells, resulting in quantities insufficient 
to generate the pain sensation*
Harpuder and Stein (33) found that local exercise of the 
contracting arm prior to ischemic contraction reduced the number 
of ischemic contraetions by one-third to one—half* Stationary 
running for five minutes prior to contraction diminished the 
number-of contractions performed, although less than after local 
exercise* The number of contractions dropped from 40 to T6 and 34 
following local and total body exercise respectively* They stated:
P factor is produced in each case, but, after local 
work, even with the circulation normal, some must still 
be retained in the tissues of the arm, VfLth subsequent 
contraction during ischemia, the threshold level is 
therefore reached sooner, i,e, with fewer contractions.
After vigorous body exercise, however, before blood from 
the exercised regions reaches the muscles of the forearms, 
the P factor contained in the arm has been dissipated or 
destroyed to such an extent that it can be of minor importance.
It is the concentration of the P factor at the place of activity 
which determines the onset and intensity of the pain, not 
the P factor produced at some remote area.
Contractions must be performed to produce pain in a limb in
which the blood supply has been occluded (54)» Restoration of
circulation results in almost instantaneous and complete disappearance
of pain. 'The time required for the exercised limb to return to
pre—exercise conditions follovdng the removal of the occlusion has
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been found to. range between five and ten minutes (33> 54)* Partial 
removal of the occlusion produces pain relief for a short time, 
folloifed by a return with increased intensity until the circulation 
is completely restored* Rodbard (54) and Harpuder and Stein (33) 
determined that oxygen deficiency was- unrelated to pain induction*
Rodbard concluded that:
***the: pain substance is a necessary product of the 
mechanism of contraction and that it. is a highly toxic 
material which can produce serious harm to the contractile 
machinery in which it is formed* It is likely that miniscule 
quantities of the. material produce highly potent effects***
The blood stream neutralizes this material or transports 
it away from the muscle cells*
Several researchers have postulated that P factor is 
potassium which has been shown to be released from muscle cells 
during exercise* DeLanne et al. (t?) reported a significant 
release of potassium during exercise followed by a rapid return to 
resting levels upon the termination of exercise. Research by 
Skinner (66) confirmed the finding that ischematic exercise produced 
increased blood potassium levels. The combination of forearm exercise, and 
restricted arterial flow produced significant increases in the plasma 
potassium levels* However, arterial occlusion by a sphygmomanometer 
cuff in the absence of exercise did not alter the plasma potassium 
level distal to the. cuff, over considerable periods of time*
Benjamin (ll) found that injections of calcium, which acts 
antagonistically to potassium by decreasing cell membrane pemeability 
and thus affecting the release of potassium from the cell, tended to 
inhibit the pain sensation*
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KeeXe; and Armstrong (38) contended that ischemic muscle pain 
involves the release of intracellular contents as a result of 
increased cellular membrane permeability, but "products of 
anaerobic metabolism might also contribute to pain production."
They suggested the possibility that the P factor may be a group of 
substances, of which potassium is only one, which act in concert to 
produce ischemic muscle pain. They concluded that:
Ischaemic muscular pain is presumed to be due to the 
accumulation in the extracellular fluid of a substance 
which is formed as a consequence, direct, or indirect, of 
anaerobic metabolism within the muscle fibres... that pain 
arising from active muscles is due to increased permeability 
of muscle cell membranes, allowing the escape of small 
molecular algogenic agents, but anaerobic metabolites 
might have additional effects, particularly when circulation 
is arrested.
Responses To Pain
Responses to pain may be classified into three categories:
1) affective responses, which are determined by individual 
psychological and emotional factors; 2) physiological responses; 
and, 3) neurological responses.
Affective Responses
Stembach (6 9) cited three major elements in the 
determination of response to pain: 1) individual, perceptual-coping 
style or anxiety avoidance; 2) association of the pain stimulus 
and pain responses with social stimuli and anxiety responses; and, 
3 ) the modification of these by inputs which elicit responses which
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either enhance or interfere with arociety and/or pain behavior » 
Individual response: to pain is determined by an individual's 
hierarchy of needs and motives and the manner in which he satisfies 
them. Innate perceptual and behavioral capacities serve as the basis 
for acquired response styles. The probability of a given response 
occuring is a function of the frequency of past associations and 
the intensity of the responses.
In distinguishing between the original sensation component 
of pain and the psychic reaction component, Beecher (9) statedî
The existence of the sensation and its recognition 
are then the stimuli which precipitate the important 
psychic reaction, presumably the major part of the 
processing,,. It seems hardly questionable that this 
perception and process of recognition are influenced by 
the subject's concept of the sensation, by its importance 
and degree of seriousness,,® It seems unquestionable too 
that the meaning of a sensation depends upon, is governed 
in large part by past experience as well as by present 
consideration; thus, discrimination, memory and judgement 
enter into this process of reaction
Hall and Stride (30) attributed differences in individual 
pain responses more to the subjects' attitudes toward the pain 
situation than to physiological sensitivity. Using a thermal 
stimulus, they found that those subjects who received instructions 
in which the word "pain" was used exibited a lower pain threshold 
than those who received neutral instructions.
Individual responses to pain are integrated, mutually 
interrelated and usually adaptational. Affective responses 
provide a "subjective, emotional, phenomenal experience of pain" (69), 
Although imprecise, affective responses most accurately indicate 
the essential, personal experience of pain.
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Subjective evaluation is an essential dimension in the 
measurement of individual perception of pain intensities. The 
relationship between pain and intensity is an example of a 
psychophysical function which relates psychological judgements 
of stimuli and physical characteristics of the stimuli (74)* 
Discriminable stimuli differ in terms of quality and 
quantity. Stevens (72) referred to stimulus dimensions based on 
quality as metathetic; prothetic stimuli refer to the intensity oir 
quantitative dimension,
Thompson (74) presented an excellent explanation of 
developmental methods for discrimination of external stimuli.
He stated:
The relations between stimulus intensity and judged 
intensity began with Weber's early observation that the 
amount by which a given stimulus must be increased to be 
just noticeably more intense than the initial stimulus 
was directly proportional to the initial strength of the 
stimulus... Fechner generalized this by making the further 
assumption that all just noticeable differences (jnds) 
are equal.
Researchers have since argued that all jnds are not 
subjectively equal regardless of the initial stimulus intensity. 
Methods of measurement which have been developed have attempted 
to assess the relationship between stimulus characteristics and 
responses.
Stevens (70) demonstrated a more general relationship between 
stimulus intensity and judged intensity termed the power-law 
relationship. The power'-law relationship assumes that the amount 
of judged change; is proportional to the judged absolute stimulus
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value*
Discrimination of pain intensity is considered a difficult 
topic for psychophysical measurement because little is actually 
known concerning- what physical measurements are significant in 
relation to most forms of painful stimuli* Hardy, Wolff, and 
Goodell (31), using radiant heat, developed a dol scale based on 
the measurement of jnds* A dol is defined as a unit of pain 
measurement equal in size to two just noticeable differences in 
pain intensity* The authors found the dol scale to be a reliable 
subjective scale of pain intensity.
The majority of pain research has utilized subjective scales 
based on an estimation of the magnitude of the pain intensity. Using 
the cold pressor test, Voevodsky et al. (76) found that untrained 
subjects systematically reported increasing pain intensities 
based on a subjective numerical scale graduate into ten units, 
Hilgard (34) reported significant results using a similar scale: 
for pain induced by the cold pressor test and by muscle ischemia.
Based on descriptive terms used by patients with chronic 
pain, Keele (37) developed a pain scale ranging from 0 = absence 
of pain to 4 — agonizing pain* Flintan and Keele (25) adapted 
this to develop a scale for acute pain* The levels of pain intensity 
which they included were: 0 = none, 1 — slight, 2 = moderate,
3 = severe, and 4 ~ very severe, Beecher (IO), using the submaximal 
tourniquet technique of inducing pain, devised a subjective scale 
with the following intensities: 0 = none, Î = slight, 2 = moderately
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distressing, 3 — very distressing, 4 = unbearable#
Physiological Responses
Physiological responses to pain serve as peripheral indicants 
of autonomic nervous system responses# Changes in heart rate, blood 
pressure, galvanic skin response, gastric activity, muscle tension, 
electroencephalographic activity, hormonal secretion, and the 
chemical composition of the blood and urine have been associated 
with pain experiences. Physiological responses are natural, reflexive 
responses which have proven to be less subject to deliberate 
alteration or control than verbal or overt bodily responses. 
Physiological responses in general, and particularly those 
autonomically innervated, can be modified by conditioning (6 9).
Contamination of the pain response frequently occurs due to 
a variety of pain stimuli which overlap on other sensory modalities 
and produce reactions other than those to pain alone. Although 
Stevens (72) suggested that transformations from physical intensity 
to judged intensity quite, possibly occur at the receptors, there is 
limited evidence to support this theory# However, it has been 
suggested (74) that the transformation definitely occurs by the 
thalamocortical level, implying that the frequency of cell discharge 
at the thalamocortical level may determine subjective judgement of 
stimulus intensity#
Individuals frequently demonstrate a stereotypic response 
pattern to a variety of stimuli# Engel (23) demonstrated the 
existence of a simultaneous double patterning in response to the
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pain stimiilationî a response pattern to the stimulus situation and a 
patterning unique to the individual# This phenomena suggests a 
response*-sterotyp5T continuum. At one end of the continuum is a 
maximal reactive response variable regardless of the nature of the 
stimulus. At the other extreme is a varied display of the maximal 
reactive variable- with little or no consistency. The responses of 
most individuals place them in the middle of the continuum.
Lacey and Lacey (40) studied heart rate and blood pressure 
responses to the cold pressor test and found that some individuals 
exibited definite patterning of the physiological variables, some 
departed occasionally from their model pattern and others varied 
randomly in their response patterns.
Stembach (69) related this phenomena to the interpretation 
of physiological responses to pain:
...attempts to define physiological responses to pain, as 
distinguished from responses to other activating stimuli 
are rendered much more difficult by the distribution of 
response-stereotypy among individuals...the existence of 
varying degrees of individual response-stereotypy 
contributes to the difficulty of being able to detect a 
pattern of responses specific to pain.
Physiological responses to pain exibit great variability. 
Gastrointestinal responses include inhibition of motility, either 
a blocking of gastric contractions or the occurence of smaller and 
more rapid contractions which often precede complete blocking. 
Alveolar ventilation and oxygen consumption increase in response to 
pain and occasionally the respiration rate has been found to increase#
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Gross muscular hypermotility and increased muscle tension in the 
region of the pain stimulus is often associated with increased 
blood flow to the local musculature involved. Cardiovascular 
responses are complex and variable. Marked elevation in systolic 
and diastolic blood pressures is observed in response to pain. 
Increased heart rate, stroke volume, and peripheral vasoconstriction 
are also frequently observed (40, 69). Galvanic skin response and 
measures of skin temperature have been found to vary considerably 
as an indication of pain intensity (9)*
Dudley et al. (20) measured blood pressure, finger 
temperature, respiratory rate, alveolar ventilation, oxygen 
consumption, and urinary VM4 in response to aching pain induced 
by a constricting metal head band. They found that response to 
pain included hyperventilation, increased oxygen consumption, 
increased blood pressure and heart rate, and decreased skin 
temperature. Respiration rate and VMA. levels were not 
significantly changed.
Wolf and Hardy (80), using a cold pressor test, reported 
increased systolic and diastolic blood pressure and pulse rate 
and decreased finger pulse volume.
Engel (22) measured systolic and diastolic blood pressure, 
heart rate, salivary flow rate, gastric motility, palmar skin 
resistance, respiration rate, finger pulse volume and finger, 
facial, and axillary temperatures. Significant responses included 
increased blood pressure, heart rate, and peripheral vasoconstriction.
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Hilgard (34) found that increased ischemic pain intensity 
induced by the use of the submaximal tourniquet technique was 
accompanied by increased systolic blood pressure and correlated 
significantly with verbal indications of pain.
Physiological responses are influenced by perception and 
past experience. From their studies of rats and cats, Goetzl et 
al, (28) concluded that the ability of a pain stimulus to produce a 
rise in blood pressure was dependent upon the perception of pain.
Neurolop~~i cal Responses
Neurological pain responses are related to and in most 
reactions are inseparable from the physiological responses, As a 
measure of autonomic nervous system activity, the galvanic skin 
response is an indicator of both neurological and physiological 
activity.
The galvanic skin response measures autonomic activity 
associated with affective states. The transitory changes in skin 
conductance levels are subject to the influence of individual ‘
differences in output range, Lykken et al. (44) reported great 
inter-individual variability in range due to individual differences 
in maximal level of output. The measure is particularly sensitive to 
sensory stimuli, especially those associated with alertness, attention, 
apprehension, and arousal. It serves as a sensitive index of cortical 
and higher mental functions (43)» It has been postulated that the 
galvanic skin response is an indicator of the threat or anxiety 
present in the situation and is only indirectly related to pain
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intensity (9)*
Pain Responses And Anxiety
Anxiety is a part of the reaction component of the pain 
response and is a major factor related to pain behavior. Pain 
response^ are associated with the individual's capacity for and 
style of dealing with anxiety, Petrie et al. (52, 53) found a 
high anxiety level to be associated with a large pain response and 
low pain tolerance,
Shor (65) used hypnotic analgesia and experimental 
conditions designed to minimize anxiety while recording physiological 
responses to electric shocks. There were no significant, differences 
in the physiological responses among the experimental conditions.
He concluded that by minimizing the subjective experience of anxiety, 
normal physiological responses to the stressful or threatening 
qualities of the pain are significantly reduced,
Lepanto (41) used radiant heat to induce pain under conditions 
in which the subjects had control over the pain stimulus and 
conditions in which they had no control, VJhen the subjects had no 
influence over the experimental conditions, the mean pain threshold 
measures were significantly lower.
Pain Threshold
The pain threshold is that point at which pain is first 
subjectively recognized. The pain threshold is frequently referred 
to as the pain peirception threshold, Schumacher et al, (60), Using-
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a variety of techniques to induce pain, determined that the pain 
threshold was constant for all individuals with little daily 
variation, Ryan and Kovacic (57) studied non—athletes, contact 
sport athletes, and non-contact sport athletes and reported no 
significant differences among the groups for pain threshold 
levels induced by radiant heat and mechanical stimulation.
Walker (77), using electrical stimuli to the ulnar nerve at the 
elbow to induce pain, confirmed these results in her study of 
women basketball players and non-athletes,
Wolff and Jarvik (81, 82), using saline injections to induce 
muscle pain and radiant heat to elicit cutaneous pain in male and 
female subjects, reported large individual differences in pain 
threshold. They concluded that the pain threshold elicited by 
different stimuli appear related if the resultant, pain sensations 
are similar in nature, regardless of the body structure stimulated,
Clark and Bindra (15) reported considerable variation in pain 
threshold measurements for pain induced by mechanical, electrical, 
and thermal methods. They attributed the large threshold variability 
to attitudinal variables independent of the type of pain stimuli 
used,
Beecher (?), in his review of pain literature, cited numerous 
studies which conflict with the reports that the pain threshold 
is relatively constant for the population. He postulated that 
variations in pain threshold may be attributed to the reaction 
component entering into the threshold (perception) determination.
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He stateds
The lack of constancy is much less surprising in fact 
than the much advocated view of constancy would be, for 
constancy would indicate, that the pain impulse v.ras not 
influenced by individual, differences or by a time factor or 
by past or present experience or by training from its 
origination until its eruption into consciousness has occurred. 
The inconstancy of the pain threshold is probably to be 
e:cplained by contamination of it vzith reaction component 
of what doubtless started out as a pure perception.., When 
one couples the anatomical possibilities for communication 
and spread of impulses with the undoubted fact that 
determination of a pain threshold requires judgement, i.e., 
comparison of the non—painful sensation with the barely 
painful, and this involves memory, it is not difficult to 
understand how the reaction component could be involved 
in perception.
Several factors have been found to produce alterations in the 
pain threshold. Beecher (9) reviewed a variety of studies concerned 
with factors contributing to variation of the pain threshold. An 
increased level of carbon dioxide in the body has been associated 
with an elevation of the pain threshold. This reaction was shown to be 
central rather than peripheral. Several studies have demonstrated 
that fatigue elevates the pain threshold. Other reasearchers 
contended that physical fatigue has no effect on pain threshold, 
but mental fatigue reduces pain threshold level.
Anxiety, fear, and tension have a determining influence on 
pain threshold. Under conditions of anxiety or fear of pain, subjects 
have been shown to demonstrate a tendency to overestimate the intensity 
of painful stimuli (41)®
Pain Tolerance
Pain tolerance level is that intensity of stimuli which is
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described as severe or unbearable by the subject and above; which 
he is unable or unwilling to tolerate additional pain. Pain 
tolerance is frequently termed the pain reaction point and 
occasionally, the severe pain threshold (49). Pain tolerance is 
determined either as the total pain intensity endured from the 
initial stimulation to the unbearable point (15, 56, 57, 77), or 
the difference between the pain threshold intensity and the unbearable 
intensity (26, 45, 50, 52, 53)« The interval between pain threshold 
and pain tolerance has been termed the reaction interval as well as 
the pain duration (49).
Pain tolerance has been associated with sensory satiation. 
Satiation refers to a diminished perceptual intensity as a result 
of prolonged stimulation with a stronger stimulus, -Phis condition 
leads to a state of localized fatigue or inhibition in the 
mediating mechanisms of the cerebral cortex,which create a resistance 
to subsequent, stimulation in the same area (35).
Petrie and Collins (52), using radiant heat to induce pain, 
deterrrdjied that those subjects most tolerant of pain were also most 
susceptible to satiation and least tolerant of sensory deprivation. 
They postulated that satiation may prove to be a pain tolerance 
mechanism in that intermittent, larger waves of pain cause 
subsequent pain to be perceived as less intense. Therefore, high 
satiability would be a handicap in a sensory deprived situation 
since limited stimulation would be available to be perceived as less 
intense.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
33
Petrie and Collins (53) demonstrated that certain 
individuals tend to consistently reduce the intensity of their 
perceptions while other individuals tend to consistently augment 
their perceptions of intensity. Augmentation and reduction were 
estimated by measuring changes in kinesthetically perceived 
sizes after stimulation, They found that those most pain tolerant, 
were also sensory reducers and less tolerant of sensory deprivation,
Ryan and Kovacic (57) found athletes significantly more 
pain tolerant than non-athletes, and contact sport athletes 
significantly more pain tolerant than non-contact sport athletes.
They hypothesized that this relationship was due to perceptual 
reduction and augmentation of sensory inputs. They also postulated 
that the athletes' repeated experiences with pain caused them to 
be more realistic in their evaluation of the significance of the 
pain, thus, resulting in less fear of pain than the non-athlete,
Ryan and Foster (56) investigated reaction time, pain 
tolerance to mechanical stimulation, sensory augmentation and 
reduction, and the estimation of the passage of time for contact 
sport athletes, non—contact sport athletes, and non-athletes.
Their results supported the. work of Petrie and Ryan and Kovacic,
The contact sport athletes exibited characteristics of the sensory 
reducer, tolerated the most pain and consistently judged time as 
passing more slowly than did non-contact sport athletes and non-athletes. 
They attributed the superior tolerance of athletes to greater 
motivation than was possessed by non-athletes.
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Pain tolerance level varies greatly among individuals and for 
the same individual under varying- conditions. Although Schumacher 
et al, (6 0) reported a constant threshold for all individuals, they 
found wide variation in pain tolerance levels which they attributed 
to experience and attitude, Beecher (9) also indicated the 
importance of experiential, attitudinal, and situational factors 
in determining the reaction component of the pain experience.
Pain tolerance has also been found to correlate significantly 
vri.th freedom from anxiety, possession of a well defined body image, 
and motivation (52, 69),
Eysenck (24) theorized that pain tolerance is positively 
related to extraversion and negatively related to neuroticisra.
Using- the Maudsley Personality Inventory, the Rotating Spiral 
After-effect Test, and radiant heat to induce pain, extraversion 
and pain tolerance were found to correlate, r=0,69 (p=O.Ol); 
neuroticisra, and pain tolerance correlated r=-0,36 (p=0,05) (45)* 
According to this theory, extraverts develop inhibition or 
satiation more quickly and dissipate it more slowly than introverts. 
Therefore, prolonged pain sensations should be inhibited more 
quickly and strongly in extraverts, leading to diminished pain 
sensations. Physiological pain sensations are always accompanied by 
an apprehension of future pain which may be conceived of as a 
conditioned fear or anxiety response which summates with physiological 
pain. The extravert conditions less well and does not develop the 
component of total pain to the same extent as the introvert (24* 45)#
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Relationship Between Pain Threshold And Pain Tolerance
The relationship between pain threshold and pain tolerance 
remains unclear. The two measures are generally found to be 
highly correlated, Clark and Bindra (15) determined significant 
positive correlations of 0,63, 0,72, and 0,64 for electrical, 
mechanical, and thermal stimuli respectively* They found pain 
threshold levels to be slightly more variable than pain tolerance 
levels. Because of the significance of the inter-correlations, they 
concluded that factors contributing to individual differences in 
threshold levels were largely the same as those contributing to 
pain tolerance differences. They stated:
,,.it seems reasonable to assume that the tolerance 
level of an individual is chiefly a function of his 
emotional makeup. And if we assume that individual 
differences in the tolerance levels are determined by 
affective factors, the attitudinal variables underlying 
individual differences in the pain threshold would also 
appear to be affective,,,
Gelfand (26) reported low insignificant positive correlations 
between threshold and tolerance levels. He attributed Clark and 
Bindra's. significant results to their measurement of tolerance as 
including pain threshold time, while his measure consisted of the 
difference, between pain tolerance and pain threshold intensity. He 
hypothesized that pain threshold and pain tolerance are Independent 
factors, with pain threshold more dependent on physiological responses 
of the individual and pain tolerance more affected by psychological 
variables,
Wolff (8 3) attributed pain perception to the functional
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ability of relatively simple and primitive nerve connections, while 
the reaction or tolerance is modified by the highest cognitive 
functions and partially depends upon what the sensation means to the 
individual in terms of past experience.
Wolff and Jarvik (82) and Chapman and Jones (14) found no 
significant differences between pain threshold and pain tolerance 
measured as total time, Ryan and Kovacic (57) reported low, but 
significant positive; relationships between pain threshold and pain 
tolerance levels for groups of athletes and non-athletes.
Pain As A Stressor
Stress has been classified into physical, psychological, 
social, and environmental categories, Selye (6l) classified 
muscular exercise and pain as physical stressors. He suggested that 
the body reacts to stress by the discharge and regulation of hormones 
from the adrenal cortex. These hormones serve to promote adaptation 
of the body to the stressor and the reestablishment of 
homeostatic balance, Selye reported a general adaptation syndrome 
specific to all forms of stress, which is responsible for the 
summation of all systemic responses to protect the body under 
stressful conditions.
Physiological manifestations of stress include changes in 
circulation, respiration, metabolism, temperature, and body 
chemistry. The degree of stress has been measured by the determination 
of circulating eosinophils or the secretion of 17-ketogenic steroids
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which reflect adrenal cortical activity (18, 46, 68, 75). Muscular 
exercise was categorized as a stressor by Selye (6I1), but some 
researchers (68, 75) concluded that the emotional involvement in 
exercise is responsible for the stress response*
Steadman and Sharkey (68) trained five subjects on a 
treadmill and found the greatest increases in 17-ketogenic steroids 
and decreases in eosinophil level to occur during the first week of 
training* The steroid and eosinophil levels returned to control levels during 
the remainder of the training period despite a physiologically 
adjusted workload. They concluded that the emotional response to 
exercise was more important than the actual workload.
Few studies have investigated pain, as a stressor in terms of 
adrenal cortical activity, Dudley et al, (20) found no significant 
change in catecholamine secretion in response to pain induced by a 
tight metal head band* I%lmo et al (4 6), however, reported decreased 
lymphocyte counts as a response to pain. They related the degree of 
response to anxiety, reporting that subjects displaying the least 
anxiety exibited significantly lower responses than did highly 
anxious subjects*
Massive amounts of literature have been written concerning 
the importance of exercise as a preventive measure against 
cardiovascular diseases and its role in reducing neuromuscular 
and psychological tensions, Selye (6l) originally postulated that 
stressors produce cross-resistance effects to other types of stressors. 
Through adaptation to one type of stressor, the body simultaneously 
conditions itself to other varieties.
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Higher pain tolerance levels have been reported for athletes 
in comparison with non-athletes (56, 57, 77). These results have generally 
been attributed to sensory or psychological variations among the 
groups. Scalise (59) studied the effect of athletic training on 
pain threshold and tolerance levels in response to ischemic pain.
His method of training consisted of the athletic training inherent 
in the competitive athletic situation. Although he found athletes 
to have higher pain tolerance levels than non-athletes, he reported 
that this was not related to the number of years of athletic 
competition.
Summary
A pain stimulus is a stressor which produces or threatens to 
produce tissue damage and usually elicits an avoidance reaction 
from the organism. The pain response is considered to consist of 
two components: the original sensation and the reaction component (9)*
The total pattern of the pain response is determined by the sensory 
input, neurological and physiological responses, and the individual's 
subjective evaluation of the sensation.
Three major theories have been developed to account for the 
multi-dimensional aspects of the pain experience: the specificity 
theory, the patterning theory (77, 78), and the gate-control 
theory (48)* The pain impulse is believed to be transmitted from 
undifferentiated free nerve endings via peripheral A-delta and C
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nerve fibers through the spinal cord to the thalamus and cerebral 
cortex» The conscious perception of pain has been shown to involve 
these two higher nervous centers (29)»
Some research (7̂  S) has indicated that experimental pain 
may differ from clinical pain due to a reduced state of anxiety- 
associated with the experimental pain situation. Experimental 
pain induced by the submaximal tourniquet method has been found 
to most closely resemble clinical pain (?)• Experimental pain has 
been induced by thermal, electrical, chemical, and mechanical 
techniques.
Muscular pain produced by active contractions of muscles 
whose blood supply has been occluded may be related to the 
increased catabolite concentration within the muscles (33, 51, 54)» 
Lewis et al. (42) termed the chemical stimulus for pain under these 
conditions the P factor, Other researchers (II, 1?, 66) have 
postulated that P factor may be potassium. Keele and Armstrong (38) 
suggested that P factor may be a group of substances of which 
potassium is but one.
Affective responses to pain relate attitudinal and 
experiential factors to indi-vidual reaction to a painful stimulus. 
Affective responses have been reported to be responsible for 
modification of physiological responses to pain (28), Heart rate and 
blood pressure response to pain have been found to increase with 
increases in pain intensity, but the cardiovascular responses to 
pain have been determined to be quite variable.
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Research has demonstrated that pain threshold and pain 
tolerance are characterized by great individual variability which 
has been attributed to the reaction component of the pain response. 
High anxiety levels are associated with large pain responses. 
Pain threshold has been found to be influenced by fatigue and 
tension. Pain tolerance has been related to satiation, sensory 
reduction, exrbraversion and non-neuroticism, and attitudinal and 
experiential factors.
Studies of athletes and non-athletes have shown athletes to 
be significantly more pain tolerant than non-athletes, These 
results are generally attributed to sensory and psychological 
variables* No significant differences in pain threshold between 
athletes and non-athletes have been reported.
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CHAPTER III 
METHODS AND PROCEDURES 
Methods Of Testing
Experimental Fain
In earlier studies, pain has been induced experimentally 
through the use of thermal, electrical, chemical, and mechanical 
techniques, Experimental induction of pain via muscle ischemia 
resulting from the application of a pressure cuff to a limb 
followed by muscular contraction of the limb has been found to 
more closely simulate the intensity and duration of clinical pain 
than pain elicited with thermal, electrical, or chemical methods (lO, 66), 
Harpuder and Stein (33) studied ischemic muscle pain by 
applying a sphygmomanometer cuff just above the elbow and knee joints 
and rapidly inflating the cuff to 200 mm, Hg, The standard test 
employed on the arm was rhythmic contraction and extension of the 
fingers at a rate of 40 contractions per minute until the subject 
reached his tolerance level. Pain responses were recorded in terms 
of the number of contractions performed. They reported highly constant 
results for the same subjects in repetitive testing. Other researchers 
employing this technique (42, $1, 55)> but using varying methods of 
contraction, have reported similar results.
The method employed by Harpuder and Stein was utiliaed in this
41
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study because it was felt that the pain induced by this method 
most closely simulated the muscular̂  visceral type of pain which 
is often associated with physical exercise and athletic performance, 
While the subject sat with her preferred arm resting on a 
table, pain was induced by applying a standard Velcro sphygmomanometer 
cuff above the elbow and rapidly inflating it to 200 mm, %. The 
subject then rhythmically contracted and extended her fingers at a 
rate of 40 contractions per minute in time with a metronome until 
she reached her tolerance level and was unable to continue to contract. 
The same procedure was followed on the preferred leg with the 
subject sitting- on a table. Contractions of the leg consisted of 
90° flexion and full extension of the lower leg at a rate of 40 
times per minute until the subject reached her tolerance level.
Based on the results of pilot tests conducted prior to the study, 
two 2-pound ankle weights were applied to the subject’s exercising 
leg to reduce the duration of the test, Park and Rodbard (5î) found 
that the number of contractions performed varied inversely with the 
load.
After the sphygmomanometer cuff was inflated and the tw ankle 
weights applied for the leg exercise, the subject was instructed to 
begin contracting. The test was terminated when the subject was 
unable to maintain the predetermined rate of contraction or when 
she indicated that she was unable to perform any further contractions.
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Perceived Pain Intensity
The number of arm and leg contractions each subject was able 
to perform was validated against a verbal report of pain intensity
based on a 10-grade perceived pain scale. The scale was adapted
from those developed by Beecher (TO) and Flintan and Keele (25)»
The pain scale was employed in the following manner:
1, The subjects were instructed to indicate by verbal numerical 
response when they judged the pain they experienced to 
correspond with each of the graded levels of the scale,
2, The graded rating scale for pain perception ranged from
0 to 10, with phrases indicating the level of judged pain 
intensity. The scale appears as Appendix B,
3» The subject was encouraged to continue beyond her first 
indicated 'intolerable level*(34).
4, The cumulative number of contractions was recorded at rati_ng 
levels 1, 2, k) 6, S, TO, and the termination of the test.
Physiological Responses To Pain
Measures of heart rate and blood pressure responses were 
recorded at the subjects' indicated pain threshold and final pain 
tolerance level. Resting measures were recorded prior to testing.
Heart rate was recorded by a Tektronix Cathode Ray 
Oscilliscope, The recording system consisted of disposable 
electrodes, flexible connective wires, and the recording instrument. 
The electrodes were attached to the subject by an adhesive moleskin 
patch, Qie electrode was placed low on the subject's sternum. The
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second electrode was placed between the fifth and sixth ribs on the 
left side of the body, slightly forward of the mid-axiHary line. 
Flexible wires carried the EKG- signals from the electrodes to the 
recording instrument which graphically illustrated each Q-R-S 
complex of the amplified EKG signal and indicated heart rate in 
beats per minute.
Blood pressure was measured by auscultation using a 
standard Velcro sphygmomanometer cuff.
Measures of galvanic skin response were recorded by a 
Lafayette No, 5BOI8 Galvanometer at ratings Î, 2, 4# 6, 8, TO, 
and the termination of the test. Electrodes were attached to the 
volar surface of the second and third fingers of the subject's 
non-contracting hand, A flexible wire conducted transitory changes 
in skin conductance levels to a meter which registered the degree 
of conductance activity. However, due to a lack of instrument 
consistency, this data could not be analyzed.
Predicted Aerobic Capacity
An individual's aerobic capacity as determined by tests of 
maximal oxygen consumption has been found to be the best index of 
his physical condition and work capacity ( 2, 3» 5)»
submaximal work tests and nomogram developed by Astrand and Rhyming (4) 
to determine predicted values for maximal O2 consumption have been 
found to correlate significantly with direct measures of aerobic 
capacity (2, 4, 5, 27, 73).
The Astrand—Rhyming (4 ) submaximal work test using a bicycle
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ergometer was used to determine the subjects' predicted maximal.
O2 consumption*
The test was performed on a stationary Monark bicycle* The 
resistance against which the subject pedaled was provided by a 
frictional load. The work load was adjusted by altering the tension 
of the frictional load* The workload was calibrated from a scale, 
measured in kilopond meters. The test was administered in the 
following manner:
T. The subject rested for five minutes prior to the
administration of the test. Her resting heart rate was 
recorded*
2. The bicycle seat was adjusted to the most comfortable
position for the subject. The subject pedaled at a rate of 
50 revolutions per minute using a metronome as a timing device* 
3* The subject began pedaling against a workload of 3OO kpm per 
minute for a 6—minute period. Heart rate was recorded during 
the last 15 seconds of each minute. Heart rate measures were 
taken with the aid of a stethoscope,
4* The mean value of the heart rate, for the fifth and sixth 
minutes was designated as the working pulse rate*
5* If after 6 minutes at 300 kpm, the subject's heart rate was 
below 130 beats per minute, the test was continued by 
increasing the worlcLoad by an increment of 1 50 or 300 kpm 
for an additional 6-minute period. The increased increment 
was arbritrarily determined from the working pulse for the
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previous load,
6, The test was terminated at the end of the 6-minute period 
in which the heart rate stabilized between I40 and 150 
beats per minute or when the heart rate approached Î50 
beats per minute without attaining a steady state,
7« The predicted maximal oxygen consumption in ml/kg/min was 
then calculated.
Anxiety
The Taylor Manifest Anxiety Sc'ale was utilized to determine 
the subjects* trait anxiety. Reliability coefficients for the MAS 
have been reported as 0,89 over a three year period, 0,82 over a 
five month period, and 0*81 over a period ranging between nine 
and seventeen months (l3)«
Procedure
Subjects
Fifteen subjects were originally selected for this study.
All were currently enrolled women students at the University of 
Montana and were volunteers from physical activity classes. One 
physical education credit was given for their participation in 
the activity upon the completion of the study. The subjects were 
considered to be non—athletes and were selected on the criteria that 
they had not participated in an organized women's intercollegiate 
athletic program. The subjects were randomly assigned, on the basis 
of a table of random numbers, to one of three experimental groups.
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a control group and two treatment groups training; at heart rates of 
135 and 155 beats per minute respectively.
Before beginning the study, each subject completed a 
volunteer form indicating that she had been examined by a qualified 
physician within the past year and had been found fit to participate 
in vigorous physical activity. The volunteer form appears as 
Appendix C,
Prior to the commencement of the testing; and training, the 
subjects were oriented to the study. Each subject was instructed 
in the procedures to be followed prior to testing and during the 
study. She was told of the expected behavior and the pre-test, 
post-test, and training procedures to be followed. Each subject 
was also informed of the nature and purpose of the study.
Due to illness and abnormal EKG readings prior to testing, 
only twelve subjects completed the entire study. Fourteen subjects 
were pre-tested, Pre-test data from the two subjects who were unable 
to complete the post-testing were analyzed where applicable. One 
subject was able to complete the maximal oxygen consumption 
post-testing, but was unable to undergo the post-testing for pain 
due to illness. The subjects* physical characteristics appear- as 
Appendix A,
Testing Procedure
The testing and training of subjects were conducted during 
the 1974 Winter Quarter at the University of î̂ ontana® The same: tests
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were administered both in the pre—test and post—test sessions» The 
two training groups trained for five weeks following the pre-testing. 
The subjects were post—tested between two and five days after 
completion of the five week training period. Both the testing and 
training sessions took place in the Human Performance Laboratory 
at the University of Montana,
The Taylor Manifest Anxiety Scale, submaximal tourniquet 
method of inducing pain in the preferred arm and leg, and the 
Astrand—Rhyming submaximal test for determining predicted maximal 
O2 consumption were given as pre-tests and post-tests. During the 
pre-testing to determine pain threshold and pain tolerance level, 
the subjects were first tested on the preferred arm and then the 
preferred leg. Seven of the subjects were then tested again on the 
arm and seven on the leg to establish the reliability of the 
measurement. The. tests were separated by rest intervals of at 
least five minutes. The Astrand-Rhyming test was given following the 
pain test on the leg. An interval of at least five minutes separated 
the two tests.
Resting heart rate and blood pressure, heart rate and blood 
pressure measures during pain, galvanic skin response, exercise 
heart rates, time of testing, and perceived pain intensities were 
recorded for both pre-test and post-test sessions.
Training Procedure
The two training groups pedaled the bicycle ergometer at 
predetermined heart rate intensities of 135 and 155 beats per
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minute respectively until a workload of 7500 kpm had been completed. 
The control group was assigned reading and related work in relation 
to a television course concerning physical fitness and weight control. 
They met several times during the course of the study to discuss 
their reactions to the assigned work. The control subjects did not 
engage in any supervised pl^sical activity during the course of 
the study. All subjects were instructed to refrain from regular 
vigorous activity exclusive of that involved in the actual 
experimental conditions.
Upon arriving at the laboratory, the training subjects 
weighed themselves and completed a data sheet concerning their 
outside activities, hours of sleep, diet, medication, and other 
exercise for the 24-hour period prior to the training session.
The room temperature and barometric pressure were recorded during 
each training session. The subjects then pedaled the bicycle 
ergometer at a rate of 50 revolutions per minute as determined by a 
metronome until the specified workload was completed. Heart rate 
measures were recorded every two minutes from the carotid pulse. 
Subjects trained on Î nday, Wednesday, and Friday at the same time 
each day. Each subject recorded, fifteen training sessions.
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GIÜIPTER IV 
RESULTS AND DISCUSSION
This study necessitated the deterinination of training changes, 
changes in pain threshold and pain tolerance levels, changes in 
physiological response variables, and changes in anxiety level* The 
Astrand-Rhyming Bicycle Eigo meter Test (4) and duration of training 
time were used as measures of training changes* Changes in pain 
threshold and pain tolerance levels from pre-test conditions to 
post—test conditions were examined* îieasures of resting, pain 
threshold, and pain tolerance heart rate and blood pressure 
readings during pre-test and post-test conditions were used as 
indications of changes in physiological responses to training* 
Differences in scores on the Taylor Manifest Anxiety Scale were 
used to determine changes in anxiety level between pre-test and 
post—test conditions*
Training Effects
An increase in predicted maximal oxygen consumption as 
measured by the Astrand-Rhyming Bicycle Ergometer Test was one 
indication of training changes, A one-vra.y analysis of variance of 
the difference measures for the three treatment groups (l35 bpm,
T55 bpm, control) failed to demonstrate any significant differences 
among the groups (Table I)* The F value, indicates that there was
50
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no significant difference in fitness changes between either of the 
two training groups and the control group or between the two training 
groups* Table II compares pre-test and post-test measures of 
predicted maximal oxygen consumption for the three treatment groups*
An increase in predicted maximal O2 consumption was noted for each 
group* The mean increases were 10*9, 6*5, and 1,3 ml/kg for the 135, 
T55, and control groups respectively. Because there was no significant 
difference between the two training groups, the data from these two 
groups for the subsequent tests were combined for analysis due to 
the inability of one of the subjects in the 135 group to complete all 
of the post-testing* A. one-way analysis of variance of the difference 
measures between the combined training group and the control group 
yielded an F value which was significant, at the *01 level of 
significance (Table I), This indicates that the five week training
TABLE I
ANALYSIS OF DIFFERENCES IN MAXIMAL 
OXYGEN CONSUMPTION FROM lEST I TO TEST II
Sum of Mean
Source of Variation df Squares Square
TRADING GROUPS AND CONTROL GROUP 
"Between" Groups 2 186*80 93*40 3*82#
"Within" Groups 10 244.6? 24.47
Total_____________ 12______431 *47_____________________
COMBDŒD TRAINING GROUP AND CONTROL GftOUP 
"Between" Groups 1 210.31 210,31 10.46")**
"Within" Groups 11 221,16 20*11
Total 12 431.47
* F *95(2,10) = 4.10
** F .99(1,11) “ 9*65
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program significantly increased the fitness level of the training 
group in comparison with the control group,
A decrease in the time required to perform a given amount of 
work is also an indication of training changes. The mean decrease 
in the average time for the training group to perform 7500 kpm of 
work from the first training week to the fifth training week was 
123,6 seconds, A t test of the significance between the first and 
fifth week average work time yielded a value which was significant 
beyond the ,01 level (Table III), Appendix D illustrates that a 
reduced average work time was noted for all training subjects. This, 
therefore, indicates that the training group increased its fitness 
level as measured by average work time,
TABLE III
COMPARISON OF FIRST AND FIFTH VffiM TRAINING DURATION
Means Mean
First Fifth Dif df t
035,10 911,50 123,6 9 3.74^^
* Denotes time in seconds 
Significant at ,01
Pain Threshold And Pain Tolerance
Immediate test-retest reliability was determined for the pain 
threshold and pain tolerance level for both the arm and leg. The
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54
Pearson product-moment< correlation coefficients of stability for 
pain threshold and pain tolerance of the arm and pain tolerance 
of the leg were 0.75, 0.9t, and 0.51, respectively, These measures 
were retained for further analysis. Measures for pain threshold on the 
preferred leg were discarded due to the lack of reliability of the 
test (r=0.05)* Table IV presents the reliability determinations for 
the pain tests. Appendices E and F present the raw data for the 
reliability determinations. The raw data for measures concerning 
pain threshold of the leg may be found in Appendix N.
TABLS IV
RELIABILITY DETERMINATIONS FOR PAIN TESTS
—  - - - - - - -.... . . ------- ------ -...... _ ... . . . ... ,.....
Mean SD
Test ?2 ?2 r
Arm Threshold 22.67* 24.33 10.86 20.18 0.75Arm Tolerance 135.29 149.14 43.58 76.51 0,91Leg Threshold 27.42 ii4«oo 8,28 19.05 0,05Leg Tolerance 411.00 399.71 154.04 189.28 0.51
 ̂Denotes contractions
One-way analysis of variance of the difference measures between 
pre-test and post-test conditions for the training and control groups 
yielded insignificant F values for pain threshold of the arm, pain 
tolerance of the arm, and pain tolerance of the leg* The insignificance 
of the F values indicates that a five week training program did not 
appreciably affect the pain response levels of the training 
subjects (Table V),
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TABLE V
ANALYSIS OF DIFFERENCES IN 
PAIN LEVELS FROM TEST I TO TEST II
Sum of Mean
Source of Variation df Squares Squares F
ARM THRESHOLD
"Between” Groups 1 224.57 224.57 2.12*
"Within" Groups 9 955.61 106,18
Total 10 1180.18ARM TOLERANCE
"Between" Groups 1 92.04 92,04 0,04**
"Within" Groups 10 23034.88 2303.49Total . . 11 _ 23126.92 _LEG TOLERAICE
"Between" Groups 1 49322.67 49322.67 1.05̂ ^
"Within" Groups 10 469617,00 46961.70
Total 11 518939.67 ..
** F .95(1,10) = 4.96
Appendix G presents pre-test and post-test scores for the three 
measures. An increase in pain tolerance for the arm was noted for both 
groups, X increase = 35.63 and 41.50 contractions, respectively. The 
training group demonstrated a mean increase of 39.5 contractions for 
pain tolerance of the leg, while a mean decrease of 96,5 contractions 
was noted for the control group.
The training group registered a mean decrease of 2,1 
contractions in pain threshold level for the arm, but a mean increase 
of 7.3 contractions was noted for the control group, although this was 
due primarily to the large increase in performance during the post­
test by one subject.
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Physiologlcal Responses
Appendix H illustrates the changes in heart rate for the 
total sample from the resting level to that recorded at pain 
threshold for the arm and pain tolerance for the arm and leg 
during the pre—test» The mean increases in heart rate for the 
three levels were 19»0, 22»!, and 30.2 bpm respectively. A t test 
to determine the. significance of the differences between restinĝ  
and pain response heart rates produced significant increases for 
the three tests. These results are illustrated in Table VI. 
Therefore, heart rate significantly increased from the resting 
level at the three pain response levels measured.
TABLE VI
COMPARISON OF HEART RATE CHANGES 
FROM RESTING TO THREE PAIN CONDITIONS
Pain Conditions Mean
Resting
Mean
Mean
Dif df t
Arm Threshold SB.23* 69.23 19.00 12 4.18**
Arm Tolerance 92.14 70,00 22.14 13 5.47***Leg Tolerance 98.77 68,62 30,15 1.2 6,19"̂ *̂*
Denotes beats per minute 
** Significant at ,01: df=12, t^.055
Significant at .001: df=12, t=î4.3lS; df=13, t=A.221
One-way analysis of variance of the difference measures for the 
training and control groups between pre-test and post-test conditions 
was used to determine whether or not any significant changes 
occured for resting heart rate and heart rate response for the three
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pain conditions as a result of five weeks of training. These results 
are illustrated in Table VII, None of the F values was significant. 
Therefore, no significant change in heart rate response to pain 
occurred as a result of an improvement in physical fitness,
TABLE VII
ANALYSIS OF DIFFERENCES IN 
HEART RATE FROM TEST I TO TEST II
Sum of Mean
Source of Variation df Squares Squares F
RESTING
"Between" Groups 1 0,67 0.67 0.02^^"Within" Groups TO 430,00 43.00
Total 11 430.67
ARM THRESHOLD
"Between" Groups 1 37.17 37.17 0.25*"Within" Groups 9 1348.83 149.87Total 10 1386.00
ARM TOLERANCE
"Between" Groups 1 70,04 70,04 0.17'**
"Within" Groups 10 4024.88 402,49
Total 11 4094.91
LEG TOLEEIANCE
"Between" Groups 1 77.04 77.04 0.31̂:-*̂"Within" Groups 10 2451.63 245.16Total 11 2528.67
F ,9511,9; = 5.12-îHt F ,95(1,10) = 4.96
A summary of resting heart rate and blood pressure values is 
given in Table VIII, Changes in systolic and diastolic blood pressure 
from the resting level to the pain threshold level for the arm and the 
pain tolerance level for the arm and leg during the pre-test are 
given in Appendix J, 'fhe mean increases in systolic blood pressure 
for the three pain response levels were 6.5, 19.6, and 20,6 mm, Hg
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TABLE VIII 
SUMMARY OF MEAN RESTING VALUES
Heart Rate Blood Pressure
Group (brm) (ram. Hfr)
Pre Post Pre Post
Training 72.4± 69.3+ 115.8/90.% 114.2/84.7+
9.5 10.8 5.S/9.3 6.3/7.0
Control 64.0+ 62.0+ 111.5/89.0+ 104.0/79.5+
5.7 2.3 4.7/9.8 3.7/6.0
îfeans are. given plus or minus one standard deviation
respectivelyo For the diastolic blood pressure readings, the mean 
increases were 11*1, 2Z|..6, and 23.3 mm. Hg respectively. Analysis 
of the significance of the differences between blood pressure 
recordings at the resting level and the three pain response levels 
using the t test yielded significant values (Table DC). The
TABLE IX
COMPARISON OF SYSTOLIC AND DIASTOLIC BLOOD 
PRESSURE CHANGES FROM RESTING TO THREE PAIN CONDITIONS
Pain Conditions Mean
Resting 
Mean
Mean
Dif df
Arm Threshold 121.1/101.0 114.6/89.9 6.3/11.1 13 3.7K̂ '*4.60giĤ
Arm Tolerance 134.1/114.4 114.6/89.9 19.5/24.5 13 7.14
7.1#'-
Leg Tolerance 135.2/113.1 114.6/89.9 20.6/23.2 13 10.63:,̂
5.32§^
a=systolic b=diastolic 
^ Significant at.01 : df==13, t?=3.012 
^  Significant at .001: dfM3f t=4.221
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change in systolic blood pressure from the resting level to the pain 
threshold level of the arm was significant at the ,01 level; all of 
the other t values were significant beyond the ,001 level. The
TABLE X
ANALYSIS OF DIFFEOEtJCES IN SYSTOLIC Al#
DIASTOLIC BLOOD PRESSURE FROM TEST I TO TEST II
Sum of
Source of Variation df Squares
Mean
Squares F
"Between" Groups 
"i/ithin" Groups 
Total
RESTING-SYSTOLIG 
1 113.03 
It 307.89 
12 420.92
113.03
27.99
4 .0 4
"Between" Groups 
"Within" Groups 
Total
RESTING-DIASTOLIC 
1 6.23 
11 771.00 
12 777.23
6 ,23
70.09
0 ,09
ARM TURESHOLD-SYSTOLIG
"Between" Groups 
"Within" Groups 
Total
1 4-17 
10 1026.50 
__ _11__ 1030.67 _ _
4.17
102.65
0 .0 4
"Between" Groups 
"Within" Groups 
Total
ARM THRESHOLD~DIA.STOLIG 
1 192.67 10 1643.00 
11 1835.67
192.67
164.30
1.17
"Between" Groups 
"Within" Groups 
Total
AP.M TOLERANCE-SYSTOLIC 
1 68,00 
10 652.92 
11 720.92
68,00
65.29
1,04
ARM T0IJ5RANCE-DIAST0LIC
"Between" Groups 
"Within" Groups 
Total
1 242,67 
10 929.00  
11 1171.67
242.67
92 .90
2,61
"Between" Groups 
"Within" Groups 
Total
LEG TOLiaW'.NCE-̂ YSTOLIC 
1 135.38 
10 920,88 
11 1056.26
135.38
92.09
1.47
LEG TOLERANCE-DIASTOLIC
"Between" Groups 
"Within" Groups 
Total
1 2.67 
10 1561.00 
11 1563.67
2,67156.10
0.02
F .95(1,lo; = 4.96 
F .95(1,11) = 4.84
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t values indicate that both systolic and diastolic blood pressure 
increased significantly above the resting level for the three pain 
responses measured.
Systolic and diastolic blood pressure responses at the three 
pain levels are compared in Appendix K. One-way analysis of variance 
of the difference measures for the training and control groups 
between the pre-test and post-test conditions was used to determine 
whether or not training had a significant effect on blood pressure 
response to pain. These data are presented in Table X. All of the 
F values were statistically insignificant., indicating that a five 
week training program had no effect on blood pressure response to 
pain.
Anxiety
The Taylor Manifest Anxiety Scale was used as a measure of the 
individual* s trait anxiety level. The effect of a five week training 
program on the level of trait anxiety was determined by a one-way 
analysis of variance of the differences between pre—test and 
post-test scores for the training and control groups. The F value 
obtained was statistically insignificant (Table Xl), Therefore, 
training had no effect on changes in anxiety level, A reliability 
coefficient of 0,8? was obtained by using the Pearson product-moment 
correlation to compare the pre-test and post-test scores of the 
total sample.
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ANALYSIS OF DIFFERENCES IN TAYLOR 
MATJIFEST ANXIETY SCORES FROM TEST I TO TEST II
61
Source of Variation df
Sum of 
Squares
Mean
Squares F
"Between" Groups 1 1.34 1.34 0*21"Within" Groups 11 68*97 6*27Total 12 .. 70.31.....
F .95(1,11) = 4.84
The Pearson product-moment correlation was used to determine 
the relationship between anxiety level and pain threshold and pain 
tolerance level* Low negative correlations of —0*14 were determined 
between anxiety level and pain threshold and pain tolerance for the 
arm* The relationship between anxiety level and pain tolerance of the 
leg was r=0*l8,
TABLE XII'
THE RELATIONSHIP OF ANXIETY 
TO THE THREE PRE-TEST PAIN MEASUREMENTS
Pain MAS
Test Mean SD Mean SD r
Arm Threshold 23.62* 10*24 16.15 6*57 —0 .1 4Arm Tolerance 1,27.86 37.86 16*14 6.31 —0* 14Leg Tolerance. 450*71. 302*20 16*14 6.31 0*18
* Denotes contractions
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Discussion
The failure of a five week training program to produce 
significant changes in predicted maximal oxygen consumption among 
the three treatment groups is not surprising in view of the 
pre-test mean scores of the groups. The control group mean was 
4 1 .3 ml./kg. compared with 3 6 ,0 and 36,7 for the 1,35 and 155 
groups respectively. Other researchers (5̂  36, 62, 64) have 
related training changes to the initial fitness levels of the 
subjects. Since the workload was the same for both training groups, 
differences in training intensity as determined by training heart 
rate had no significant effect between the groups, Sharkey (62) 
reported similar results for a six week training study. Although the 
failure of training to produce significant fitness changes among the 
three treatment groups may be attributed to the insignificant effect 
of differences in training intensity and the effect of initial 
fitness levels, a training effect did distinguish the combined 
training group from the control group.
The test-retest reliability measures and the pre-test and 
post-test comparisons of pain responses both indicated the great 
intra-group variability in pain threshold and pain tolerance. The 
large individual variability in immediate test-retest reliability 
indicates that both pain threshold and pain tolerance level are 
subject to high degrees of individual inconsistency. Other 
researchers (15, 60, 81, 82) have reported similar results.
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Individual variations can be attributed to the reaction component 
which involves attitudinal and experiential factors. Fatigue may 
also have influenced the test-retest scores. Although sufficient 
time was aJlowed between tests for the removal of metabolites or 
pain producing P factor, the existence of some degree of muscle 
fatigue is possible. Motivational factors must also be considered.
An improvement in the pai_n threshold level of the arm was 
noted for the control group, while the training group exibited a 
decrease in this measure. The training group demonstrated considerable 
variability in the post-test scores, with four of the seven subjects 
declining in performance. Less variability was noted for the control 
group. Although the mean post—test score for the control group was 
greater, this may be attributed to one extreme score. Since only 
four subjects were in the control group, the size of the N for this 
group can be considered to have affected the mean score of the group 
due to extremes in variability. Individual differences, attitudinal, 
and emotional factors must be considered influential.
Pain tolerance of the arm improved for both groups. Since 
training has been shown to have no effect on post-test training group 
responses to pain, experiential factors, particularly the complete 
familarization vd.th the testing procedure, may be considered as 
determining factors. As a function of a more complete knowledge of 
the testing procedure, reduced apprehension and uncertainty may have 
promoted a more relaxed post-test attitude which has been shown
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to affect pain tolerance measures (9  ̂41  ̂53)*
A large, although statistically insignificant improvement was 
noted for the training group in comparison with the control group for 
pain tolerance of the leg. Since a training effect was noted for the 
training group, and the training involved e:cercise of the legs on a 
bicycle ergometer, it is not surprising that the training group 
improved while the control group declined, despite the statistical 
insignificance. Both extremes in individual variability and the 
small sample size may be viewed as contributing to the statistical 
insignificance of this measure.
Soreness of the legs is often noted by subjects undergoing 
training or testing on a bicycle ergometer, DeVries (18) related 
muscle soreness to ischemia within the exercising muscle. It has 
been postulated that learning or habituation as a result of training 
may be responsible for some of the training effects frequently 
noted (63)0 Habituation or learning are considered to be processes 
which occur within the central nervous system (74)» Receptor adaptation 
may also play a determining role.
The significant increase in heart rate and systolic and 
diastolic blood pressure between resting and pain response levels 
is in accord with the findings of other researchers (9, 20, 22, 40, 69). 
Lacey and Lacey (40) reported a high reproducibility of 
cardiovascular measures under stress over a four year period. They 
reported a four year reliability from resting to stress level of
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r's = 0,55, 0.50, 0.80, and 0,80 for heart rate variability, heart 
rate, systolic and diastolic blood pressure respectively.
The pre—test and post—test heart rate scores for the two 
groups on the three pain measurements are quite similar. Both 
groups demonstrated a mean increase in heart rate response to pain 
from pre-test to post-test conditions. Wide individual variability is 
evident in the heart rate response and is in agreement with other 
findings (69), Physiological pain responses have been associated 
with experiential and attitudinal factors (28), From an experiential 
vieivpoint, it would be expected that heart rate response would decrease 
during the post-test since the subjects were familiar with the entire 
procedure. However, the reverse may be true. Anticipation of the. pain 
tests, because of a familiarity with the technique, may have acted as 
an alerting stimulus, producing an increased heart rate known to 
accompany psychological stress.
The consistent increase in systolic and diastolic blood 
pressure in response to increased pain intensity has been noted by 
other researchers (20, 22, 28, 34)® Lacey and Lacey (40) measured 
systolic and diastolic blood pressure responses to a cold pressor 
test over a four yeeir period and reported no consistency in basal 
measurements, but marked consistency with increasing stress levels,
A superficial comparison of the resting and stress blood pressure 
readings in this study support this contention. The large individual 
variability in the pre-test and post-test resting levels may be
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attributed to attitudinal factors in anticipation of a painful 
experience.
Although there were no significant changes between the two 
groups in comparison of pre—test and post—test blood pressure 
measurements, a decrease in systolic blood pressure was noted for 
the control group on all of the tests and for the training group 
on the arm threshold test. The increases noted from the pre-test to 
post—test conditions for the training group were quite slight and 
may be attributed to extreme individual variability. Diastolic 
blood pressure decreased for both groups for all three measures.
Essentially, systolic variability between the pre-test and 
post-test conditions was minimal. Diastolic mean variability was 
more noticeable. It appears that with the consideration of individual 
differences, the sympathetic nervous system response to similar 
pre-test and post-test conditions of a reduced oxygen supply to the 
muscles of the contracting limbs resulted in equivalent systolic 
blood pressure responses in both cases. It may be speculated that the 
more obvious decrease in diastolic blood pressure response to pain is 
a consequence of a less severe vasomotor stimulus for peripheral 
blood vessel constriction. This may be attributed to experiential, 
factors and a reduction in anticipatory anxiety prior to the 
post-testing,
A mean decrease of two points in scores on the Taylor Manifest 
Anxiety Scale was noted for both the training and control groups 
from pre-test to post-test conditions. Since training was shown to
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have no effect on changes in trait anxiety level, consideration 
of individual variability between the two test conditions prompts 
speculation that the Taylor l"Ianifest Anxiety Scale may measure 
state anxiety as well as trait anxiety.
The low negative relationships between pain threshold for 
the arm and trait amciety and between pain tolerance for the arm and 
trait anxiety level are in agreement with other researchers (41# 52, 53)» 
The low positive relationship between pain tolerance for the leg and 
anxiety may be attributed to the great variability in individual 
pain tolerance on this measure.
Since both heart rate and blood pressure response to pain in 
this study have been related to the psychological reaction to the 
pain experience, it seems necessary to consider the relationship 
of psychological and physiological indices of pain response used in 
this study. Since the increase in heart rate response to pain from the 
pre-test to the post—test was attributed to attitudinal factors in 
the reaction component of the pain response, it would be expected that 
the systolic and diastolic blood pressure response would be similar 
to that of heart rate due to the controlling influence of the 
sympathetic nervous system in both responses. This, however, was not 
the case in this study.
Physiological indicators of stress have been shown to relate 
negatively or to have no relationship with trait anxiety as measured 
by the Taylor Manifest Anxiety Scale (13)® One suggested possibility 
for this is that the physiological responses and anxiety response as
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measured by a psychological test are unrelated sets of responses. A 
second theory, based on individual response specificity was 
proposed by Lacey and Lacey (AO). In experiments in which pain 
was induced by the cold pressor method, they maintained that the 
best index of physiological response to stress was obtained by 
measuring an individual on a series of physiological variables 
and using each subject's highest response on the variable which 
demonstrated the greatest reaction. Consideration of individual 
differences in physiological, psychological, and experiential 
factors appears to be the prime avenue for the understanding of human 
response to painful stress.
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SUMMRY, CONCLUSIONS, RECOMMENDATIONS 
Suromary
This study vras conducted to determine the effect of a regular 
training program on response to muscular pain. The relationships 
between training and trait anxiety level and between anxiety level 
and pain responses were also examinai® Muscular pain was induced 
by occluding the blood supply to actively exercising muscle of the 
preferred arm and leg® A sphygmomanometer cuff inflated to 200 mm®
Hg was used for this purpose. Heart rate and blood pressure 
responses for the pain threshold and pain tolerance levels were 
recorded. The individual physical fitness level of the subjects was 
determined from predicted maximal oxygen consumption calculated from 
work performed on a bicycle ergometer. The Taylor Manifest Anxiety 
Scale was administered to determine the subjects' trait anxiety level® 
Two groups of five subjects trained for five weeks, three times 
weekly at specified heart rates of 135 and 155 beats per minute 
respectively® Each group performed 7500 kpm of work during each 
training session. Four subjects served as the control group® The. 
groups were post—tested on the same measurements®
Improvement in fitness as a result of training was 
determined by increases in predicted maximal oxygen consumption® 
Although there were no significant differences among the three
69
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groups due to large individual variability, the training subjects 
as a group demonstrated a significant increase in fitness over 
the five week period. Training was shovjn to have no significant 
effect on responses to muscular pain, large individual variability 
was noted for the number of contractions performed, heart rate 
response to pain, and blood pressure response to pain. Training 
vjas not found to significantly affect trait anxiety level. An 
inverse relationship between pain response and anxiety level was 
determined for two of the three pain conditions. Analysis of the 
data promotes the following conclusions.
Conclusions
1, A five week training program using a bicycle ergometer 
had no effect on pain threshold level,
2, A five week training program using a bicycle ergometer 
had no effect on pain tolerance level,
3» A five week training program using a bicycle ergometer 
had no effect on physiological responses to pain,
4* ^ low negative relationship was demonstrated between
anxiety level and pain threshold level and pain 
tolerance level for the arm. The low positive 
relationship between anxiety level and pain tolerance for 
the leg was attributed to the large range of individual 
variability.
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5» Trait anxiety level was not affected by a five week 
training program using a bicycle ergometer.
Recommendations
In view of the results of this investigation, the following 
recommendations for further study are proposed:
1* Since athletes have been found to be more pain
tolerant than non—athletes, it would be beneficial 
to further investigate the longitudinal relationship 
of athletic participation and pain threshold and 
pain tolerance levels.
2. Since the greater pain tolerance of athletes has been 
attributed to psychological and sensory factors, it 
would be beneficial to investigate the relationship 
between vigorous physical activity outside of the 
athletic situation and pain threshold and pain 
tolerance levels.
3. Since attitudinal and experiential factors are 
assumed to influence the individual response to pain, 
it would be beneficial to investigate the effects of 
repeated experience with pain on the pain threshold 
and pain tolerance levels,
4. Since individual variability has been shown to be a 
determining factor in pain responses, a replication of 
this study using a larger sample training for a longer
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period of time would be beneficial.
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APPENDIX A 
PHYSICAL CHARACTTiRISTICS OF THE SUBJECTS
Subjects Height
(inches)
Weight 
. (nounds) 
Pre Post
Age
(years;
SoS, .67 108 112 18JoD. 66 144 144 19A.M. 71 147 21M.Ho 62 115 116 22A.D « 63 135 135 19C.J. 63 129 129 20JoM. 66 132 134 19B.M. 65 113 113 23T.R, 66 108 108 26
G.B. 58 115 115 20K.To 65 130 130 19J .S. 62 114 114 20D.T, 66 120 121 19J oR* 63 129 126 25
Mean Scores 6 4 .4 124.2 122,8 20.7
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APPEM)IX B 
PERCEIVED PAIN SCALE
0 None
1 Very Slight
2 Slight
3 Someivhat Moderate
4 Moderate
5 Somewhat D i stres sing
6 Distressing
7 Somewhat Severe
8 Severe
9 Extremely Severe 
10 Intolerable
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APPENDIX C
VOLUNTEER FŒM
Human Performance Laboratory 
University of îfontana
Studie s of man and his physiolo^ical reaction to training
I hereby freely volunteer to act as a subject in a scientific 
investigation as an authorized part of the educational and research 
program of The University of Montana, I acknowledge that I have 
read and concur in the procedures and objectives of this investigation 
as summarized on this sheet,
I certify that to the best of my knowledge and belief, I have no 
plnysical or mental illness or weakness that would increase the 
risk to me of participation in this investigation,
I further certify that I have been examined by a qualified 
physician ivithin the past year, and have been found fit to 
participate in vigorous physical activities.
The investigation involves an analysis of the effect of training 
on levels of pain threshold and pain tolerance. Volunteers ivill be 
tested on several laboratory devices. The women will then train on 
a bicycle ergometer three days per week for five weeks — 
approximately 20 minutes per day.
If you decide to volunteer, we ask that you sign this sheet 
indicating your willingness to comply with the provisions of the 
investigation and your willingness to assume personal risks of 
participation.
Date Age of subject Signature of subject
Campus phone Campus address
During the course of the investigation we ask that you refrain from 
remilar vigorous physical activity exclusive of that involved in the 
study. If you do become involved in such activity, we ask that you 
report it to the investigators on the daily information form. We 
thank you for your willingness to become involved in our investigation 
and hope that you will find it both physically rewarding and 
intellectually stimulating.
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APPENDIX D
GOFJPARISON OF FIRST At© FIFTH WEEK TRAINING DURATION
Subjects
First
Week
Fifth
Week Dif
M.H. 1417* 1128 289B.M, 1.385 1238 147A.D. 775 704 71J.R. 939 907 32A.M. 930 865 65C .(7. 1070 1038 32
J ®M. 842 730 112
J oD o 672 660 12
T.R, 1153 980 173S .So 1168 865 303
X=4 035.1 X-911,5 X=423.6
SD= 249.0 SD=187.9
Denotes average time in seconds
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âPPEl'JDIX E 
PAIN TEST RELIABILITY DATA FOR THE ARM
Subjects
Threshold Tolerance 
Ti T g
S o S . 1 9 * 13 120 140
J . S . 1 2 9 1 1 7 107
B . M . 19 19 131 121
K . T o 15 9 129 8 6
G . B . 30 60 130 183
J . D . 41 3 6 229 307
C . J  o —— 2 8 91 100
x= 22.7 24.3 135.3 149.1SD= 10.9 20.2 43.6 76.5
r= 0.74 0.91
Denotes number of contractions
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APESNDJX F 
PAIN TEST RELIABIIATY DATA FOR THE LEG
Subjects
Threshold
Ï2
Tolerance
A.M. 20* 73 550 400
J.M. 24 2 8 353 332
«J o R o 33 59 270 2 5 5
T,R. 40 42 320 659
A.D « 20 4 2 659 666
M.H. 27 37 250 210
D.T. 2 3 22 475 276
X= 27.4 44.0 411.0 399.7SD= 3.3 19.1 154.0 139.3r= 0.05 0.51
* Denotes number of contractions
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APÎEIOIX H 
HEART RATE CHANGES IN RESPONSE TO PAIN
Subjects Resting Thresh(A) Tol(A) Tol(L)
A,Mo 88* 120 108
M.Ho 72 80 90 90A.Do 56 70 87 95C.J. 80 — 120 110
J.D. 64 115 110 115J .Mo 72 98 97 119J.R. 68 79 82 110
B.M. 84 80 95 120T.R. 68 95 65 80S.S. 72 60 68 60
J *s* 60 75 88 80G.B. 60 85 80 85K.To 72 90 115 120D.T. 64 100 85 100
X=69.2^ X=88*2 X=92.1 X=98.8
SD=9.2
X=70.0b
SD=9.3
X=68o6
SD=8,0 °
8D=17.2 SD=l6.6 SD=19,0
* Denotes heart rat© in beats per minute 
a — Comparison with Threshold (A) 
b — Comparison with Tolerance(A) 
c — Comparison with Tolerance(L)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7)
CD■DOa.
cgQ.
■D
CD
(/)Wo"3
CD
3.3"
CD
CD■DO
Q.CQ
■DO
CDÛ.
■D
CD
C/)
C/)
APPENDIX I
PRE-TEST AI® POST-TEST HE.1RT RATS RESPONSE TO FAIM
Subjects
Threshold Tolerance!A) ToleranceCl)
Pre Post Dif Pre Post Dif Pre Post Dif
TRAINIW(1 GROUP
Co J • Î10 120 100 -20 110 115 5J.D. 115^ 95 -20 110 112 2 115 108 -7S.S. 60 70 10 68 85 17 60 90 30B.M, 80 100 20 95 100 5 120 110 -10JoMo 98 95 •"3 97 120 23 119 120 1J «Ro 79 80 1 82 85 3 110 105 -5T.R. 95 94 -1 65 100 35 80 115 35MoHo 80 90 10 90 98 8 90 90 0
A.M, 120 108 — 78
A.D. 70 87 *— 95 —
X= 86.7 89.1 2.4 90.9 100.0 9.1 100,5 106,6 6.1
SD= 17.6 10.5 19.1 11.9 21.7 11.3
CONTROL GROUP
J.S. 75 80 5 88 100 12 80 90 10
K.T. 90 100 10 115 94 -21 120 118 ^2
G.B, 85 100 15 80 120 40 85 90 5
D.T. 100 95 -5 85 80 —5 100 90 .-to
X= 87.5 93.8 6.3 92.0 98.5 6,5 96.3 97,0 0.8
SD= 10.4 9.5 15.7 l6.6 18.0 14,0
Denotes heart rate in beats per minute
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APPENDIX J
BIXDOD PRESSURE CHAiMGES IN RESPONSE TO PAIN
Subj ects Resting Thresh(A) Tol(A) Tol(L)
S.S. 122/92* 110/96 122/112 123/112
T.R. 12 0 /9 8 126 /104 132/112 134/116B.M. 116/94 12 2 /9 8 126/104 132/108J.R, 126/1 OS 128/110 134/114 lZi.O/1 1 2J.M. 1 2 0 /9 2 130/96 138/112 146 /116
J oD a 110 /86 11 2 /92 142/122 126/116
C.J. 118/76 132/110 148 /124 146/122
A.D. 106 /9 0 118/108 142/118 12 4 /10 8
M.H. 11 2 /7 8 122 /100 136/118 124/122
A.M. 118/88 12 2 /9 8 126/108 138/112
J.S. 108/88 11 4 /9 4 128/106 128/106
G.B » 108/88 110/96 142/122 142/118
K.T. 112/78 11 2 /92 122/112 136/118
D.T. 118/102 138/120 140/120 140/88
X= 114.6/89.9 121.1/1 0 1 .0 134.1/114 .6 134.2/113.1SD= 5.7/9.1 8.9/S.3 8.3/6.3 S.2/9.3
* Denotes Hg
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APPENDIX K
PFÏE-TEST AND POST-TEST BLOOD PRESSURE RESPONSES TO PAIN
Thresh(aT Tol(A) Tol(L]
Subjects Pre Post Dif Pre Post Dif Pre Post Dif
TRAINING GROUP
M.H. *122^ 112 10 136 128 8 138 156 —16
lOOy 94 6 118 112 6 122 118 4C.J. 132 1:32 0 148 148 0 146 164 —18110 112 •*2 124 118 6 122 128 —6J .Do 112 118 -6 142 142 0 126 138 -12
92 110 •—18 122 118 4 116 112 4J.M, 130 128 2 138 144 —6 140 140 096 90 6 112 98 14 116 110 6B.M. 122 124 -2 126 132 —6 132 136 -4
98 92 6 104 108 -4 108 108 0J .R. 128 128 0 134 136 140 132 12
110 110 0 114 112 2 112 102 10T.R. 126 110 16 132 130 2 134 132 2
104 94 10 112 112 0 116 108 8S.S. 110 120 -10 122 133 -11 123 136 .-1396 80 16 112 110 0 112 112 0A.M. 122
98
— — 126
106
— — — —
A.D. 118
108 — —
142
118
X= 122.8 121.5 1.2 134.8 136.6 —1.8 134.9 141.8 —6.1100.8 97.8 3 .0 114.8 111.0 3.8 116,8 112,3 4.5SD= 8.1 7.9 8.4 7.2 7.7 11.8
6,7 11.6 6 .4 6.3 6.1 7.8
G.B. CONTROL GROUP110 114 —4 142 138 6 142 138 4
K.T. 96 92 4 122 110 12 118 110 8112 112 0 122 122 0 136 132 492 78 14 112 92 20 118 88 30J.S. 114 122 —8 128 132 128 134 -6
D.T. 94 98 —4 106 112 -6 106 112 —6138 116 22 140 118 22 140 130 10120 88 32 120 90 30 88 106 -18
X= 118.5 116.0 2.5 133.0 127.5 6.0 136,5 133.5 3.0
SD= 100.5 89.0 11.5 115.0 101.0 14.0 107.5 104.0 3.513.1 4.3 9.6 9.2 6.2 3.413.1 8 .4 7.4 11.6 14.2 10.9
* Denotes mm* Hg 
a= systolic b= diastolic
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PRE-TEST AMD POST-TEST TAYLQR MANIFEST AIKIEÏY SCORES
C/)
C/)
8
ci'
33"
CD
CD■DO
Q.CgO3"OO
CD
Q.
■D
CD
C/)
C/)
Training Groun Control Group
Pre Post Dif Pre Post Dif
M.H. 16 13 3 D.T. 21 16 5A.D. 25 21 4 G.B. 22 17 5
J «R. 12 8 4 K.T. 10 11 -î
B.M. 20 18 2 J.S, 11 12 —1
J.M. 11 12 *•1
J.D. S 3 5
Ce J 0 16 17 -1
T.R. 9 5 4
S.S, 17 19 -2
A.H. 28 —
X= 15.0 13.0 2.0 16.0 14.0 2.0
SD= 5.5 6.4 6.9 3.0
*X=16,1 iH%=13.2
SD=6.3 SD=5.5
Total post-test mean and standard deviation
\oN3
APPBM3IX M
COMPARISON OF ANXIETY SCORES 
IN RELATION TO PAIN RESPONSES
93
Subjects Anxiety Thresh(A) Tol(A) Tol(L)
M.H. 16 43* 136 250A.D. 25 20 90 659J.R. 12 14 74 270B.M. 20 19 131 236J.M. 11 18 97 353A.M, 28 20 159 550
J.D. 8 ' 41 229 1115C.J. 16 — 91 200
T.R. 9 35 148 320S.S. 17 19 120 279D.T. 21 21 139 475
G.B. 22 30 130 1057
K.T. 10 15 129 381
J.S. 11 12 117 165
X= 16.1 23 .6 127.9 450,7SD= 6.3 6 .6 37.9 302,2
Denotes niunber of contractions
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APPENDIX 0 
STATISTICAL ANALYSIS
Pearson Prociuct-Moment Correlation 
NaXY - feX)(^Y)______
y^N^X^ - (2X)̂ (̂N 2 Y^ -
2* Arithmetic Mean
_X= N
3o Standard Deviation
SD=\/ N-t
4b Analysis of Variance of the Differences
— Solve for the difference
D = Y - X
— Solve for the total sum of the squares
£  d\  = £ d2 _
— Solve for between sum of squares
C&Pf)2
N
— Solve for within sum of the squares
^  2 2 2 
w = £ ‘ t ~ £ ^ b
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— Solve for F
Mean souare between croups 
F = Mean square within groups
Student t Test
— Solve for sum of squares for the mean difference
— Solve for standard deviation
I g Z lSD =\J N
— Solve for standard error of the mean difference
SD
— Solve for t value
Mean Difference 
t = Sd
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